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PATEINT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the application of: 



Paulus DE LAWGE et al . 



Serial Nrimber: 09/763,355 



Group Art Unit: 1725 



Filed: February 21, 2001 



Examiner: Tran, Len 



For: FLUIDIZED BED METHOD AND REACTOR FOR THE 

TREATMENT OF CATALYSTS AND CATALYSTS CARRIERS 



BEOUEST TOR RECON SIDERATION 



Conunissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 January IB, 2006 

Sir: 

In response to the Official Action mailed October 19. 2005, 
please reconsider this application in view of the following 
remarks. Claims 1-3, 5, 14, 15 and 17 are pending. 

Examiner Tran is thanked for indicting the allowability of 
claims 14 and 15. It is believed the entire application is in 
condition for allowance for the reasons set forth below. 

The 35 U-S.C. § 102(b) rejection of claims 1, 5 and 17 over 
U.S. Patent No. 4,740,551 to Foster is respectfully traversed. The 
claimed method is a method for activating and /or calcining olefin 
polymerization catalvsts which contain transition materials as an 
active component, or g^talvst supports which contain oxidic 
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U.S- Appln. S.N. 09/763,355 PATENT 
REQUEST FOR RECONSIDERATION 

compounds as a support material . The method steps include the following: 
{a) introducing and distributing gaa in the lower section of 

a reactor containing a layer of catalyst or catalyst support, 
(b> forming a fluidized bed in the reactor^ 

<c) treating the catalyst or catalyst particles in the 
fluidized bed, wherein the treatment of the catalyst or catalyst 
support is selected from the group consisting of an activation 
treatment, a calcination treatment, and both an activation and 
calcination treatment, and 

(d) discharging the reactor such that said reactor is 
substantially residue- free, 

with the method employing a reactor which has a bottom which 
tappers downward, but does not have a gas distribution plate. 

Foster fails to disclose or suggest the claimed methpg for 
activating and/or calcining ffat^ly^ts or cat^3,ygt supports . 
Instead, Foster discloses a multistage, continuous process for the 
preparation of propylene-ethylene impact copolymers in which the 
catalyst passes through a first polymerization stage in liquid 
state before entering fluidized bed reactors in second and third 
stages. Importantly, the catalyst is at best deactivated, rather 
than activated, duiring the polymerization. See Col- 2, lines 56-59 
of Foster • 
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U.S. Appln. S.N. 09/763,355 PATENT 
REQUEST FOR RECONSIDERATION 

A second feature of the claimed method is the use of a 

f luidized bed reactor which has a bottom which tapers downward, but 

which does not have a gas distribution plate, fostex also fails to 

disclose this feature of the claimed method. 

The Patent Office is asgumina that Foster ^s reactors have no 

gas distribution plate. However, Fosteir's second and third stage 

fluidized bed reactors at least preferably have a distribution 

plate. More particularly, the details of Posterns fluidized bed 

reactor system are disclosed in U.S. Patent No. 4,543,399 to 

Jenkins, III et al^ which is incorporated by reference in Fo^te?: at 

Col. 4, lines 34-38. The Jenkins. Ill et al . fluidized bed reactor 

preferably has a gas distribution plate 28 (Col. 6, lines 41-45 and 

Col. 7, lines 13-33) . Foster also states its reactor has a 

manifolded vertical pipe distributor, with the open ends of the 

distributor plates pointed downward in close proximity to the 

bottom conical surface of the reactor. See Col. 8, lines 24-28. 

This manifolded vertical pipe distributor works in conjunction with 

a distribution plate and has the same function as deflector 32 in 

Jenkins. Ill et al . See Col. 6, lines 59-62. It helps to 

homogenize the gas distribution over the gas distribution plate, 

and helps to avoid settlement of particles onto the conical bottom 
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U.S. Appln. S.N. 09/763,355 PATEOT 
REQUEST FOR RECONSIDERATION 

Of the reactor below the gas distribution plate, which causes 
fouling in the reactor. 

Reconsideration and withdrawal of the anticipation rejection 
of claims 1, 5 and 17 over Foster are earnestly requested. 

The 35 U.S.C. § 103 (a) rejection of claiins 2 and 3 over f^gtey 
in view of U.S. Patent No. 5,674,795 to Wasserman et al . is also 
traversed. As discussed above, the claimed method is a method for 
activating and/or calcining olefin polymerization catalysts which 
contain transition materials as an active component, or catalyst 
supports which contain oxidic compound as a support material. The 
method employs a reactor which has a bottom which tapers downwards, 
but which does not have a gas distribution plate , 

The cited combination of references fails to raise a prima 
facie case of obviousness against the claimed method. More 
particularly, the deficiencies of foster , discussed above, are not 
remedied by the additional disclosure of Wasserma^ et w which is 
cited merely to show a cyclone. Reconsideration and withdrawal of 
the obviousness rejection of claims 2 and 3 are earnestly 
requested. 

It is believed this application is in condition for allowance. 
Reconsideration and withdrawal of all rejections of claims 1-3, 5, 
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U.S. Appln. S.N, 09/763.355 fatb«t 
REQUEST FOR RECONSIDERATION 

16 and 17, and issuance of a Notice of Allowance directed to claims 
1-3, 5, 14, 15 and 17, are earnestly requested.. The Examiner is 
urged to telephone the undersigned should he believe any further 
action is recjuired for allowance. 

It is not believed any fee is required for entry and 
consideration of this Request, Nevertheless, the Commissioner is 
authorized to charge our Deposit Account No. 50-1258 in the amount 
of any such required fee. 



Atty Docket No . : BASE-102 
100 Daingerfield Road, Suite 100 
Alexandria, VA 22314 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 

Enclosure: 

U.S. Patent No. 4,543,399 to Jenkins. Ill et al ■ 



Jaj 
Re^ 



Respe/pt fully submitted. 
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[57] ABSTRACT 

A process is described for increastng the space time 
yield of poJymer piroduction m a fluidized bed reactor 
employing an eaotheimic polyinerization reaction by 
cooling the recycle Btream to below hs dew pdnt and 
returning the resoltanC two-phase fluid stream to die 
reactor to maintain the fluidized bed at a desired tem- 
pefature above the dew point of the recycle fttream. 

39 dabaa, 1 Dr&wlne F^ure 
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4,543,399 

1 ^ 

point of the recycle atream has until now severely rc- 

I^UmiZED BED REACTION SySTET^ stricted die production rate. . « . ^ 

The primary limitation on reaction rate m a litndizea 
This armlication is a continuation of prior U.S. api^- bed reactor is the rate at which beat be reeved 
cation Scr. No. 361,547, Mar. 24. 1982, abandoned. 5 tam the polymerization rone. Aithough Ih^ difFer in 

very important \vays frxim gas nnidmed bed reacucm 
SUMMARY OF THE INVENTION syrtems, the mme heal limitation problems exist in other 

This invention relates to a novd method for hnprov- types of reaction systems such as stirred reaction sys- 
ine the space time yield of an ejtothernuc polymeriza- terns and to some extent, slurry reaction systems. 
SSi leacSon conducted in a fliridiied bed reactor, by 10 In U.S. Pat. No. 3^56^63, heat removal in a sdrred 
increasing the removal of the heat of polymerization reaction system is achieved by the compression of recy- 
from the reactor by cooling gases, continuously re- cle gases and ocpansion upon reentry into the reactor, 
moved horn the reactor, to a temperature below the In olher stirred or paddle-type reaction systems some 
dew pomt temperature of such gases and retoming the additional cooKng is effected by the injecnon of liquid 
resultant two phase Hoid mixture into the reactor to 15 onto the top of the bed» Sec for example US. Pat. Nos. 
mamtain the tempcratore of the fluidizcd bed at the 3,254,070; 3,300,457 and 3.652,327. , 
d^rSlcvcl I» U.S. Pat. Nos. 3,965.083; 3,970;6l 1 and 3,971.768 

assigtMP»(j to Standard Oil Co., cooling of a stirred bed 
BACKGROUND OP THE INVENTION reactor is supplemented by injection of liquids on the 

The discovery of the Huidized bod process for the 20 top of the bed. 
pioduction of pcriyroers provided a means for produce In U.S Pat. No. 4,012,573 (Tricschmann et aL) ^ses 
ing these dhverec and vrtddynscd polymers with a draft- withdrawn from a stirred rewJtor are condensed to 
tic reduction ni capital investment and a dramatic re- liquid and returned in hquid form to the sdrred reactor 
dnction in energy fcqutements as compared to then where the liquid is brought into desired contact with 
conventional processes. The present invention provides 25 polymer no the stirred bed- 

a means for even greater savings in energy and capital Mitsubishi Petrochemical Co. has proposed the nse of 
cost by affording a simple and efficient means for ob- Hquida or regaaifkd liquids for cooling in a gas phase 
tuning a substantial increase in productkm rate in a reactor (J No. 53/045,744/80 and DT No. 2 139 182). In 
given size reactor over what was previously possible in both of these descriptions the liquid or regaiified liquid 
a fhiidized bed process, 30 « injected into the bed rather than entering with the 

The most common and perhaps urovftrsal means of fluldizing gas as in the present invention. DT No. 2 139 
heat removal employed in conventiOTai Huidized bed 1 82 is specific to stirred beds rather than fhUdixed beds, 
reactor processes is by ocanpr^ssion and cooling of the In J No. 53/045,744/80 the liquid is regasified before 
recycle gas stream at a point eartcmal to the reactor. In bdng injected into the flnidired bed. 
commercial scale fluidixcd bed reaction systems for 35 In a fluidixed bed reaction system, as distrngMshod 
producing polymers such as poUyeOiylene, the amount ikom stirred or paddle-type reaction systems^ imiform 
of fluid which most be circulated to remove the heat of distribution of monomer and catalysts in the upwardly 
podymerizadon is greater than the amount of fluid re- n»oving gas stream is essential to avoid hot spots ai») 
quired for support of the fluidized bed and for adequate resuhuig polymer chunks. In stirred and paddle^ype 
solids mixmg in the fluidized bed. The Hind vclodiy hi 40 reactors these problems are overcome by mechanical 
the reactor is limited to prevent excessive entnunment stilling and agitation- A fVirther requirement of a fluid- 
of scalds. A constant bed temperature will result if the ized bed reactor system is that the velocity of gas flow* 
heat generated by the polymerization reaction (which is ing through the reactor be adequate to maintata the bed 
proportional to the polymer production rate) is equal to in a fluidired state. The gas velocity required to keep 
the heat absoirbed hy the fluidizfag stream as it passes 45 the bed in a fluidized au^^ension cannot be achieved 
throuah the bed, plus any heat removed or lost by other under normal conditions by mere injection of Dquid at 
means! the bottom of the bed, Therefore, the direct liquid injeo- 

Unfortunately, it has long been believed that the two cooling of a reactor, as described by Treschman et 
recycle gas temperature could not be lowered any fur- al. is not a viable option for a fluidized bed reaction 
ther than to a point slightly above the dew point of the 30 system. 

recycle gas stream. The dew point Is that temperature at DETAILED DESCRIPTION OF THE 

which liquid condensate begins to form in the gas INVENTION 
stream. Common practice has been lo limit the tempera- , . ^ , 

tnreofthe recycle stream at the outlel of die cycle heat While not limited to any particular type or kmd of 
exchange zone to a temperature at least about 3" to 10' 55 polymerization reaction (so long as the reaction is of an 
C. abcwc its dew point (see copending U.S. patent appK- exothennlc nature), this invention is particularly surted 
cation Ser, No. 49,555 of June 1&. 1979, now aban- to polymerization reactions involving the polymcriza- 
dcned, equivalent to published European Patent Sped- tion of one or more of the mononers listed below: 
ficatkjn No. 0 021 605, page 22, lines 8-22). This as- 1. Olefin type: ethylene, propylene, butene-I. pentcne-1, 
sumption waspredicated on thebelief that the introduce 60 4-methylpentene^l, hexcnc-1, stjrtcnc. 
Uon of liquid into a gas phase fluidized bed reactor IL Polar vinyl monomer type: vmyl chloride, vinyl 
wonki inevitably result m plugging of the distribution acetate, vinyl scrylate. methyl methacrylate, teiraflu- 
plate, if one is employed; non-uniformity of monamer oroethylcne, vinyl ether, acrjioiiitrile. 
concentralkms inside the fluidized bed and accumula- m. IXene type (conjugated and non-conjugated): buta- 
tlonof liquid at the bottom of the reactor wiuch would 65 diene, 1,4-hexadiene. isc^mene, etbylidene norbor- 

interfere with contlnuoas operation or result in com- none. 

pletc reactor shut-down. For products, such as those IV. Acetylene type: acetylene, substituted acetylene, 
using hexcne as a comonomer, the relatively high dew such as methyl acetylene. 
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4,543,399 ^ 

■ ;Tri^^ff^S3;5&pIoy3li^ta *e fluid. M I Sed .l>ydn«a*ans< «ch.as ^but««; pe.tan«; or.h»H 

:^?e^i^SS. oS^^wT^^^ : = ^ «tr«m:c«.:be quite WgJ..:.. a genera^ rule; ' ^ 

■ S^Son^bettifomid toKespectaMymdvan^ ! : : not.Mceed iabout 20: woght .percent and^preferab^ , 

; ^riSeTfo^S^STrestav iparttaohrly .polymers. = . . always Um^the. . : 

: «rodw«d.ftoS:mono5uaBj.is .practicedtby ipassiag a. : : stream » te^ enough f *««P ' 
; llaBO^Btnnn comainiiig oM ormofe inoaomeis coii., lO. i>eiBion. in: the gas and .to support the .fluKtacd =be4 = = 

• Smunuiw tiiraiitfk^fiuidized bed teaetOK under reactive! : • ; within ;the leaotot.i ; i ; i: i ; 1 1 1 i i i ! ^ : '<■■■>■■ 

= M«m orat^e uu^ed gascon nwnomet H.mitbr: i ; i *ho»ld. .be i below .the i fluWaed. KPO^yj^*?^"; : ; 
. SSSSrSf t^wtof. .ol^ttoualy.. icompreacdi. i . . ^ne) to ensure untfonwQ^ of ttooipwart^ : ; 

1 SSiMS«5cled into the.«ctor; ftoduet i,=with.: »5: stream^and to maintain .Ae*ed. » ••«»|^«^^«?^ 

• ^*m&omSsactoc.Mate.tjp nwnomet is added to. • . . tiML.The iBOycle stream. cortalnin^raMedUquid^ ; 

^^^^^^^^^ 

; TateMyirtBivfbrnrfns iieacti^ = -gion.ofithc. reflotor= *rd. most pn&rabiy. ^ 

= it nKe^^SiiMintafarta some feshton the temperature: . ; i hMWa o« the;r«ctor to \ : 

: of t^OBrtitJaft ihsidfttheiBScWr U a lempcratuf«.ftot^ 30. streara.pa8»ing=upwardly;through:Ae.awdiw^ ^ . 
: oaW*Sow the resin and catalystrdesradatioB tempeia.. = : = . A baHe. orshnflar nHams tot ,»revemmg! region^ oE = 
; . turm b««a.t)Bniperatnie helow theilVaion or sticking. 'V. imr.&s wekjcky^ttbc. H« fF^^^^, ' 

ta^a« of lesS pa>ticles prodoced during the pol- = *n»i!y pomt may be P«ovidad tojteep solida andjbqirid., 
: . i^^tS^.teactioa?nib«a necessary toipreventptaff.: : . = enttaiaBd ia the. upwardly flowlog«cyde«teaiiu = i u 
; ; ^rf^. reactor due »=rapid. growth af ^polymer: 33, . .Although there.ts,BO apparent f T*,'^; : 

; . whichicansot be tem«id.ir frcottthiuous festo. = n ttetwpha5ftfecvcle«rcam.oaabed»wdadlnto 

. teu asiprodndtilt wiUbe ondentoo* theteforei lhatthe; . : ; bwec separate .strsnma. °^ ' 
amouu of polymer that.can.be> produced in. a fluidiaedi . . . dntroduced dlrcotly:tni» fOJjwnzatjOT WW. |WJ^ . 
bed reactor of a given sze m a Rifled Ume period is vidod that sufBoent g« velocity bdow and through the 
SSSyi^ted to the amount of heat which can he 40 bed Is provided to key the bed suspended to ^«ses 
withdrawn fh>m the Quidlzed bed. the composition of the gas stream b kept essentially 

m accoedanoe with this faivention the rec^ycle gas uniform and flowing ta a manner such that flie« a«^^ 
BtnSinb mtentionally cooled to a temperature below dead sp«:e8 in the bed whe»« unremovable solids can 

the dew pohit of the recycle gas stream to produce a form. :i.i-.^f,,™, 

two-pha8egM*q«idn«tureunderconditlonssuchthat 4S It wiD be apparent that if dMire4»t is possible to form 
SL^Sd pta«5f s«d miscture wiB rcmata entramed « a two-phase fluid stream withm the «, M« 

the m Plww of said mixture at least ftom the point of of Injection by separately nyecting gu '^"1^^ 
entiyhito ihe fluidlied bed reactor until voIaUlLsed or conditions whwh will produce a nvo-phMe stream. 
mS^Bt into the fluidlied bed. A substantial in- Little advantage is seen in operating m this ftehion due 
creaseteswce time yield results ftom the practice of 50 to the added and unnecessary burden and «>st of sepa- 
thishiventton with little or no change in product prop- rating the gas and liquid phases after coottig. It may 
erties or quaUty. When practiced asdeswibed herem the however, be dearable to buect make-up monomer Into 
Soc^ pioce^ oonUmiously and smoothly the reactor in this fashion. The injection of hqmd or 
and without unusual operational difficulties. gaseous make-up monomer at the point "^'^l^'Off^ 

tt may be desrable fa some instances to rase the dew 35 two-phase recycle stream or elsewhwein the reactor or 
pcnnt of the recycle gas stream to further increase heat hi the recycle stream M Mmtemptatcd by this ^v««Uffli. 
^o^LThTrccycte stream dew point can be in- The advantage of thbinvenhcn are lf™ted to 
^aed bjr. (1) rafatag the operating piossure of the the production of polyolefin r esms. This lnv«ition can 
r»cten system; (2) Lreasing the conceotratioB of be practiced in connection with any CKoti^mic poly- 
condensibte fluids fai the recycle streaini and/or (3) « merlzation process earned out m a ^is phase ftaidizrf 
nducing the concentration of non-condensiWe gases in bed. The advantages of tlus invention oyer convp- 
the recwde stream. In one embodiment of this inven- tional processes wUI generaUy hicrease in direct relation 
don. the dew point of the recycle stream may be in- to the nearness of the dew pomt temperatuie of tte 
creased by the addition of a condensible fluid to the recycle stream to the reaction temperature withm the 
recycle stream whfch is mert to the catalyst, reactanis, 6S interior of the fluid bed. For obvious reasons this inven- 
aixl the products of the pcrfymerization reaction. The tion cannot be used io a reaction system ni whidl Uie 
fluid can be Introduced into the recycle stream wUh the reaction temperature within its fluidized bed is below 
make-up fluid or by any other means or at any other the dew point of the recycle gas stream. 
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The appUcabiHty of tbds inventxoo to the production 
of any given polymer can be determined by the use of 
tlie r<dlowmg fonnula: 



P» desired polymer production rat^ constrained to 
rates giving X less than \,0 withoiu subject invention. 

leat of pdymcrizalion of specific polymer 
being prodoced. 

Gmaw«niafis ilow rate of recycle stream; Innited to a 
mfaumiun value by tbe need for odeq n n t e fluidizatJon 
and raizing in the bed and to a maxifflDni value by en- 
trainment of soHds. Specific minima and xnaxima de- 
pend on numerous factors known to those skilled in the 
art. 

CPxitr=be«t capacity of the recycle stream. 
~ «=temperBtuic of the reaction zone (fludd bed); 



10 



15 



the reaction zone. On start up> the reactor is osuaDy 
charged with a base of particulate polymer particles 
before gas flow is initiated. Such particles may be identi* 
cal in nature to the polymer to be formed or different 
thcrrircm. When dilfnent. they are withdrawn with 
the-desircd formed polymer particles as the first prod- 
net Eventually, a fluidized bed of desired polymer 
particlea sapplants the start-up bed. 

The partially or totally activated precursor composi- 
tion and/or catalyst used in the fluitUzed bed ia prefera- 
bly stored for service in a reservoir .16 under a blanket 
of a gas which is inert to the stored materiai. such as 
nitrogen or argon. 

Fluidization is achieved by a high rate of fluid recycle 
to and through the bed, ty;»cel1y in the order of abont 
SO tones the rote of feed of make-up fluid. The flintfoed 
bed has the general appearance of a dense mass cf indi- 
^dually moving partides as created by the peroolatioo 
of gas through the bed. The pressure drop through the 



has maximum v^ue depending on flie sticking te^^>era- 30 ^ equal to or slightly greater than the weight of the 

bed divided by the crosft-secdonal area. It is thus depen- 



tureofthe polymerat the pressure of the recycle stream 
aod/or the ca^yst performance, and a minimum value 
which is dependent on catalyst performance. 

Tj^m/i^ minimum temperatnre of the recycle stream 
enrtering the reaction 2one as liinited prior to the present 
invention. This tenqperatcre is either the dew point of 
the recycle stream or the cooling limit of the heat ex- 
change ztme, whichever is hi^er. ITTnmtr is the recycle 
sttearo dew point, the invention is pracdced by sonply 
ooding the stream to a teraperattire below its dew 
point If Tfrm//ia controlled by the heat exchange zone, 
the invention is practiced by adding a condensable fluid 
to increase the dew point of the recycle stream to a 
t em perature above tlie coding limit of the heat ex- 
change zone. 

Whenever the vaUxeof X is greater than 1, the use of 
this invention will afford a benefit and as the value of X 
faLcreases. the greater ate the benefits which can result 
from this mventian. 



dent on the geometry of the reactor. 

Make-up fluid is fed to the bed at point la The com- 
position of the make-up stream is determined by a gas 
analyzer 21^ The gas analyzer determines the composi- 
tion of the recycle stream and the coni^iaation of the 
make-op stream is adjusted accordingly to nwintflin an 
essentially steady state gaseous composition wiUun the 
reaction zone; 

The gas analyzer is a conventional gas analyzer 
which operates in conventional manner to Indicate re- 
cycle stream composition and which is adapted to regtv 
late the feed and is commerciaUy available from a wide 
variety of sources. Oenerally, the gas analyzer 21 can be 
positioned so as to receive gas from a point between the 
velocity reduction zone 14 and heat exctiatiger 24. 

To ensure complete fluidization, the recycle stream 
aix^ vsFhere desired, part of the make-up stream are 

suited to production of polyS^ resin by the practice ^ There may be preferably a gas d«trib- 



30 



33 



of the process of the present invention is illustrated in 
the drawing. With reference thereto^ the reactor 10 
consists of a reactioQ zone 12 and a velocity reduction 
zone 14. « 

In genera], the height to diam^r ratio of the reaction 
zone can vary in the range of abom 2.7;1 to about 4.6:1. 
The range, of course, can vary to larger or smaller 
ratios and depends upon the desired production capac- 
ity. The cross-sectioaal area of the vdodty reduction 50 
zone 14 is typically within the range of about 2.6 to 
about 2.8 multiplied by the cross-sectional area of the 
reaction zone IX 

The reaction zone 12 includes a bed of growing poly- 
mer particles* formed polymer particles aiKl a minor 5S 
amount of catalyst particles noidized by the continuous 
flow of polymerizahle and modifying gaseous compo> 
nents in the form of make-up feed and recycle fluid 
through the reaction zone. To maintain a viable fluid- 



ator plate 28 above the point of return to aid in fhiidiz^ 
aig the bed. In passing through the bed, the recycle 
stieam absortM the heat of reaction generated by the 
polymerization reaction. 

The portion of the fluidizing stream which does not 
react in the bed comtitutes the recycle stream which is 
removed flrom the pdymerimion zone, preferably by 
passing it into velocity reduction zone 14 above the bed 
where entrained particles arc given an opportunity to 

drop back into the bed. 

The recyde stream is then compressed in a compres- 
sor 30 and then passed through a heat exchange zone 
wherein the heat of reaction is removed before it is 
returned to the bed. The heat exchange zone is typically 
a heat e?cchanger 24 wliich can be of the horizontal or 
vertical type. The recycle stieam is then returned to the 
reactor at its base 26 and to the fluidized bed through 
gas distributor plate 28. A gas deflector 32 is preferably 



izcribed the superficial gas velocity through the bed 60 mstallcd at the inlet to the reactor to prevent contained 



toml exceed the roidhnum flow required for fluidixa 
ticMir and preferably is at least 0.2 iVsec above minkimmi 
flow. Ordinaiily, the superficial gaa velocity doea not 
exceed 5.0 ft/sec and usually no more than 2.5 ft/sec is 
sufficiott 

It i» essential that the bed always contain particles to 
prevent the formation of localized *'hot spots" and to 
entrap and distribute the particulate catalyst throughout 



6S 



polymer particles firom settiing out and agglomerathig 
into a solid mass. 

The temperature of the bed is controlled at an esseiH 
tially ccmstant temperature under steady state condi^ 
tkms by oonstantiy reotKyviisg the heat of reaction. No 
rKMiceable temperature gradient appears to exist within 
the upper portion of the bed. A temperature gradient 
will exist in the bottom of the bed in a layer of about 6 
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and the temperanire of the i^^oXSbu^ plate owy cause polymerira- 

operaooB of the reactor, ine nmaizea . j;.f«-K,.t/jr«i«t«t iniectian into the flnidized bed, m- 

^wing «iul fonned particutete polymer pa^^^' ~ ' ^J^^^, fttSSS thHaSlyst thrcoghout the 
^1 as catalyst partldea. As the polymer particls are stead, «rf localfaed 

**r^«S.^SS%^»fae preferred mean, for ^^er may eveauuJy occur. . 
Gas distnbuttoo P^^*»" " Tlie Mtalysi can be injected into the reactor by van- 

J^rin^^Tar the olata may be Of die mobile type db- yst feeder as disclosed; e-g., in U.S. Pat. Na 3.77S,7 z. 

S^^i/I^'^^ ^Satever l^teign. catalyrt is p-rferably fed injo the reactor at a point 

y^rcS^tam throngh the particles at 20 to 40 p«e«t of the reactor ^^f*' 

Si^^eT^ bed^keep the bed m a Huidized con*- 20 reactor Jj;-" » J.^^^ rf«al 5 to abort 30 per- 

^wp«fe^ type gas distributor plate 28 is gener- or argon, is preferably osed to carry the catalyst into the 
aI1« rd tha f vne which is fabricated from metal aikd bed. ^ 
SS«?h»h^KtriSSt.Sacro38its8t.rfhce.Tl«hol« P«>'r? P"*?"^*? ^2^'2^«f 

2«no™^ of a diameter of about i Inch. The holes on the rate of catalyst ii«ectKm and tte oonc«Bttal«o of 
SiiriS^ SiTS^and over «ch hole there is monomer(s) in the recycle stream. The prodncoon rate 
SarfTltoBSlS^eire'. identified a. nrfe«nce is oonvenlentlycontroUed by staiply adjustmg the rate 
numeral 36 wUch la fixedly mounted to plate 28. The of catalyst iivection. , , . . ..m 

StoMs^odistribJetheflowoffhildalongthe 30 Sp«*wy change in the «te of cate^^^ 
STof the phite so as to avoid stagnant zones of change tfie reaction rau and hence rate <rf /CTwaton of 
S^lfaSwbn they prevent the i«ta from flowing the heat of reaction, the ^^P^JT^' ^J^^^ 
■ ^oagh the holes whin tte bed h settled. ^ream entering the reacto « «*^s»ed ^pv«rdsa^ 

iwfluid inert to fte catalyst and reactants can also downwards to accommodale any change m the rate of 
be pnsent in die recyde stream. An activator com- M heat generation. IWs ensures the "f*°«^~ ™^ 
• poTSTifiititeed. is preferably added to the reaction «s~«»«ny constant tempOTtt^^ 
- downst^ Item heal ewhanger 2* Thus, the instrumentation of both the fluUtod bed and ^^J^- 

2tiw»7maybe£fcdliitotherecycle1ystemfa^ ^^^^^^e^fV»t^^o(eomc.w^^ 

an X^ii liiie 40. any tetnpetatnre change hi the bed so as to eaaWe either 

Tto to^^te the fluid-bed reactor at a 40 the operator or a conventioaal automatic control tys. 

tei.S^rWo^X7i««Stag temperature of the tern to make a suitable .4j«stment m the temperatui. of 

polymer particles to ensure that sintering wfll not oc the recycle stream. 

SryiTie^^aing temperature is a ftanbtion of re.ln Under a given set of operating conditions, the nuW- 
de«nty\lnWS poly^yteie tow^fansity nsins, for bed bed is maintained at f?f°?«J'y « ^J^' 
e^p^e. hi^atoWrimeriig temperature and polyeth- 43 withdrawbig a portion of the bed as P^*"^'' 
yteie highHlenshy restas. esimple. have a higher of formartan of the partlcutote polymer jw^tac Since 
dng temperature. For example, temperatures of the rate of heat generation » 

from al5)ut 73- C to about 95* C. are used to prepare of produOl formatwn. a "f.S^iSS^ 
ethylene copoKrroers having a density of ftom about ture rise of the fluid across the reactor (the drfTeienee 
a9l g/em3 totiout 0.9S k/ow?. while temperatures of 30 between hilet fluid lanperature and exit flnW tempera- 
100- C. to aboSt 115- C. aieused to prepare t««> is Indicative of the rate of parttculate polym«r 
^tei^copolymers or homopolymer. having a den- formation at a constant fluid velocity .f no vaponzable 
StJ^of ftom^ut 0.95 K/cmJ to about 0.97 g/omS. I^nid is (wesent m the inlet fluid. 

The fluid-bed reactor may be operated at pressures of On discharge of particulaiepolymer product from 
up to about 1000 psi, and is for polyoleita resin produc 53 reactor 10. it fa desiiable ^^P*^?""*." »fP'"^"X 
tioti preferably oiSrated at a pr^«e of from about 100 from the product and to return the fluid to «cycte 
pS to^bout 350 «i. with operation at the higher pres- Une 02. There are numerous ways known u> the art to 
In such^es favori^heat transfer since an accomplish iWs, 0«« Preferred system » » the 

hiTOse m prtsstnS Increasesthe unit volume heat ca- drawings. Thus, fluid and product leave reactor tO at 
n^^of the^ « point 44 and enter product discharge tank 46 through 

TtepartiallTor totally activated precursor composi- valve 48 which Is d«gned to have rainimomrj«nc^ 
tion and^r catalyst (henanaiter collectively referred to to flow when opened such as a ball valve. Posmowsd 
as catalyst) is injected into the bed at a rate equal to its above and belovir product discharge rank 46 are oonven- 
^^mSo^^P°Jnt « «Mch is above distributor tional valves 50. SZ vnth the totter bang adaptt^ » 
elate 2«r Preferably, the catalyst is Injected at a point in 6S provide passage of product into product surge tank 54. 
&d w7^eSd^^gof polymSparticte^ Product surge tank 54 has venting "'^"S ^ lustnsted by 
Injecting the wtalyst at a point above the distribution line M and gas entry means illustrated by Hoe 88. Also 
plite is an iraportant featnw for satisfactory operation positioned at the base of product surge tank 54, is a 
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discfaarge vaWe 60 wbkb when in tlie open position 
discharges product for conveying to stontge. Valve 50 
when in the open poation releases fhiid to sofge tank 62« 
Flmd Grom surge tank is directed tfaroogfa a filter 
absorber « and tfaenoe through a compressor 66 and 
into TCf^e line 22 through line 68. 

In a t3rpica] mode of operation, valve 4S b opoi and 
valves 50» 52 are in a closed positioii. PiodDct and fluid 



The ethylene homopolyniers have a density of about 
S0.958 to £0.972 gni/o& 

The ethylene copolymers have a density less than 
about a96 gro/cc. The density of the ethylene copoly- 
mer, at a given melt index level for the copolymer, is 
prunarily regulated by the amount of tlie Cjto Qcomo- 
nomer which is c^>o]ymerized with the ethylene. In the 
absence of the comonomer, ^e ethylene would 
honxopolymerlze to provide polymers having a density 



enter product discharge tank 46. Valve 48 do^ and homopojymeme to pxoviae poiymcrs navmg » «^ X 

U^S^to setUe in product discharge 10 of abom ^^^^ ,^J^l^^ 
tank 46. Valve 50 is then opened pennitthig fhiid to >«g«" wnowits of the comonomers to the copolymers 
flow from product discharge tank 46 to surge tank 62 
from which It is cxmtinually compressed back into recy- 
cle Ime 22. Valve 50 is then do&ed and valve 52 is 
opened and any product in product dscharge tank 46 
flows into product surge tank 54. Valve 52 is then 
closed. The product Is purged whh inert gas, preferably 
nitrogen, which enters product surge tank 54 through 

l}r\'lif?L''"'!^!^!^'^^ 20 order of C3<C4<C5<C6<C7<Cs. 

diacharged ^™ Pf^^^^J^J* ibimi^ valve when made in the fluid-bed process described berdn. 



15 



larger i 

results in a progressive lowering of the density of the 
copolymer. The amount of each of the various C3 to Cs 
oonomoners needed to achieve the same mult wfll vary 
from monomer to monomer, under the same reaction 
conditiona. 

Thu£» to produce binary copolymers of ethylene with 
the same density and melt index, larger molar amounts 
of the diffbrent comcnoniers would be needed In the 



60 and conveyed through Ihie 20 to storage. 

The particular timing sequence of the valves is ac- 
oomptisbed by the use of conventional programmable 
controDers which are well known in the art Moreover, 
the valves can be kept substantially free of agglomer- 
ated piin*ele» by installation of provisions for directing 
a stream of gas periodically through the valves and back 
to the reactor. 



ethylene polymers are granular materials which have a 
settled bulk densty of about IS to 32 pounds per cubic 
foot and an average particle size of the order of about 
25 0.005 to about 0.06 fairies. Particle size is nnportant for 
the purposes of readily flcddizhig the polymer particles 
in the flmd-bed reactor, as herein described. 

In aooordance with the present invention, a process is 
provided for increasing the space time yield of polymer 



Another preferred product discharge system which ^ production m a fhiidizcd bed reactor eooploying on 



may be alternatively employed is that disclosed and 
claimed hi the copending U*S. patent appihcation of 
Robert O. Aronson filed July 28, 1981, Ser. No. 
287,813, now abandoned and entitled Flmdized Bed 
Discharge System. Such a system employs at least one 3^ 
(parallei) pair of tanks comprising a settling tank and a 
transfer tank arranged in series and having the separated 
gas phase returned fiom the top of the settling tank to a 
point in the reactor near the top of the fluidixed bed. 
Such aheraative preferred product discharge system 40 
obviates the need for a recompression Ibie 64, 66, 68, as 
shown ii^ the system of the drawing. 

The fluidized-bed reactor is equipped with an ade- 
quate venting system (not shown) to allow venting the 



bed during start up and shut down. The reactor does not 45 practiced. 



exothermic polymerization reaction by cooling the re* 
cycle stream to below its dew point and remniing the 
resultant two-phase fluid stream to the reactor to urniD- 
tain the fluldizedbed at a desired temperature above the 
dew point of the recycle stream. The coollqg capacity 
of the recycle stream ia increased both due to the 
greater temperature difforential between the entering 
recycle stream and the reactor and by the vaporization 
of the condensed liqi^ds entrahied in the recycle stream. 

It has, therefore^ be«i found that the dew point limi- 
tation on the recycle stream broadly held heretofore by 
those skilled in the art, as pointed out hereiiiflbove;, has 
been imduly timiting and restricting. It has been found 
that such limitalions are erroneous and need not to be 



require the use of stirring and/or wall scraiwng. The 
recycle line 22 and the elements therein (compressor 30, 
heat exchanger 24} should be smooth surfaced and de- 
void of unnecessary obstructions so as not to impede the 
flow of recycle fluid or entrained particles. 

Among the polymers whi^ may be produced in the 
process of the present Invention are hontopolymers of 
ethylene, propylene, butene or copolymers of a major 
mole percent of ethylene, propylene or butene and a 
minor mole percent of one or more Cj to Cs alpha-ole- 
fiM. The C2 to Cs alpha-olefms preferably should not 
contain any branching on any of their carbon atoms 
which is closer than the fourth carbon atom. The pre- 
ferred Ca to Cs alpha-olefins are ethylene, propylene, 



The amount of condensation, and thus die increaae in 
production rate, can be f^irther enhanced by altering the 
process conditions so as to increase the dewpoint of the 
recycle stream. It has been found that the amount of 
30 condensation of liquid in the recycle stream can be 
maintained at up to about 20 peanoent by weight, prefera- 
bly up to about 10 percent. This degree of ccndensatian 
is achieved by maintaining the ontlet temperature from 
the cycle heat exchange zone so as to efTect the required 
55 degree of cooling below the dew point of the mixture. 

EXAMM.E1 

In an example of the process of the invention, a fluid- 
ized bed gas phase reaction system, as described above 



butene-1, pcntcne-l, hexcne-1, 4-mcthylpentene-l and 60 was operated with a partially condensed recycle stream 



octeue-1. 

The ethylene polymers, for example, have a melt 
flow redo of over about 2X The melt flow ratio vahie is 
another means of indicating the molecular weight distri- 
bution of a polymer* A mdt flow ratio (MFR) of 22 65 
thus, for example, corresponds to a Mw/Xln value (as 
determmed by conventSonal size exchision chromatog- 
raphy) of about 2.7. 



to produce an hexene-l/propylcDe/cthylcne copoly- 
mer, nnder the following condidons: 
Kecycle Stream Composition (mole percent): 
Nitrogen— 34.7 
Ethylene— 38.1 
Ethane— 8.9 
Propylene — 5.1 
Hexcne-1— 4i8 
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Hydrogen— 7J 

Methane— ai ^ . 

Recycle Siream Dcwpomt: 57.8* C. (at the pressure <^ 
the heat exchanger) 

Reactor Gai Inlfi* Temperature: 48* C 

Liquid in Cycle Oas: 4.6 wt. percent 

Catalyst: a ooajplex of tetrahydrofbran, magnesiuzii 
chloride and tUanluzn chloride reduced with diethyl 
alummom chloride (diethyl alaminum chloride-to- 
tetrafaydicfaran molar ratio of a4) and tri-n-he?cyi 
alumlxiuni (til-n-hexyl aluminium-to-tctrahydrofuran 
molar ratio of 0>4) hnpregnated on triethyl ahuninnm 
treated silica cUosdde. 

Reactor TempOTture: 8«* C 

Reactor Pressure: 270 psis ^ ^^c^, 

SuperAcal Gas Velocity in the Floidized BedrZOfce*/- 

BcdHeight: 37 fett 

Bed IXajneter: 8 feet 

Space lime Yield: 5.1 Ib/ft^hr 

Melt Index of Ke^u: 10 dg/min 

X>ett8ity of Resnu asiS.gm/cc 

Actlvatoii: irictbyi almnimun 



29 
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EXAKfPUB la 

The fbUowing example was earned otit under essen- 
tially identical operatinir conditiozss as Example 1, dif- 
fbriug only with reject to the cooling of the recycle 
stMam and the rate of catalyst injection. 
Recycle Stream CompositiOD (mole percent): 

Nilrageu — 36^5 

Ethylene— 38J 

Ethane^ll.2 

Propylene — 5.0 

Hexene*l— 4.1 

Hydrogen — 4^8 
Motbane None detected 

Recycle Stiream Dew Polttt: 33^ C. (at the pressure 
of the heat exdianger) 

Reactor Gas Inlet Temperature; 60.6' C 40 
I^ind in Cycle Gas: Zeio 
Reactor Temperature: 874* C. 
Reactor Pressure: 270 psig 

Superficial Gas Velocity m the Fluidized Bed: 2.0 ft/sec 
Bed H^t: 37 feet 45 
Bed Diameter: 8 feet 
Space Time rield: 2.0 IVft'hr 
Melt Index of Resin: KG dg/mhi 
Density of Resiu: a918 gm/cc 

Activator; triethyl aluminum 30 
It is to be noted that operation bdow the dew point of 
the recycle stream^ as in Example 1, resulted in an in- 
crease in space time yield (pounds of resin produced per 
cubic foot of bed per hour) which was approximately 
2.5 times thoBo obtained vnthout the employment of the 33 
liquid phase in the recycle stream, as in this Example la. 

EXAMPLE 2 

In another Example^ employing butece-l rather than 
propylene and hexene-1 as the other alpharolefin mono- 60 
mcTt the following condltiotis were maintained: 
Recycle Stream Composition (mole percent) 



Hydrogen — 6^3 
Ethylene— 57.8 
Buteae- 1—26.7 
Inerts — 9,2 

5 Recycle Stream Dewpoint: 49,7' C. (at the pressure of 
the heat exchanger) 
Reactor Gas Inlet Temperature: 47.2 C 
Liquid in Cycle Gas; 1.2 wt. percent 
Catalyst: a complex of tctrahydroibran, magneshmi 
]Q chlofkle and titanium chloride reduced with Iri-n- 
hexyl aluminum only (tri-n-hcxyl alumJnum-to-tct- 
rahydrofuian molar ratio of 0.7) hnpregnated on tri- 
ethyl aluminum treated silica dioxide. 
Reactor Temperature: 87.3* C. 
13 Reactor Pressure: 269 psig 

Snperficial Gas Velocity En the Flutdixed Bed: ZO R/scc 
Bed Height: 37 feet 
Bed Diameter: 8 feet 
Space Time Yield; 6,2 Ib/ft^hr 
20 Melt Index of Resim 1.0 dg/min 
Density of Restm 0.91& gm/cc 
Activator: triethyl aluminum 

EXAMPLE 2a 

The following example was conducted under condi- 
tions similar to those employed in Example 2. but with- 
out condensed liquid in the recycle gas stream. 
Recycle Stream Composition (mole percent): 
Hydrogen — 4.5 
Ethylene— 59J 
Butcnc-1 — 26.7 
Inerts— 9.5 

Recycle Stream Dew Point: 44.1* C (at the pressure of 

the heat exchanged) 
Reactor Gas Inlet Temperature: 56* C. 
liquid In Cycle Gas: Zero 

Catalyst: A complex of tetrahydroAzran, magnesium 
chloride and titanium chlotide reduced with tri-n- 
hexyl aluminum only (trl-n-hcxyl aluminuni-to-tet- 
rohydrofuran molar ratio of 0.7) impresantcd on tri- 
ethyl aluminum treated silica dioxide. 
Reactor Temperature: 83.7* C 
Reactor Pressure: 265 psig 

Superficial Gas Velocity in the Fluidized Bed: 2.14 

ft/sec 
Bed Height: 37.5 feet 
Bed Diameter 8 feet 
Space Time Yield: 3.7 Ib/ft^hr 
Melt Index of Resim 1.0 dj/mitt 
Density of Resin: 0.918 gm/cc 
Activator: triethyl aluminum 



EXAMPLES 3-8 
The six following examples in tabular form set forth 
further iaformation for practicing the process of the 
invention employing various condensing recycle 
streams for enhanced cooling of the fluidized bed in the 
polymerization of bexcnc-I/butcne-l/eihylenc, 
ethylene/propylene, ethylene/butene- 1, pentene- 
1 /ethylene, as well as the use of tso-pentane as an inen 
fluid in the polymerization of butcne-l/ethylcnc and 
ethylene, respectively. 



E«wp*e No. 



Product 

Recycfe &Tsam 



C6>XVC2 Ci/Cj C2/C4 C$/C2 C4/CZ 
Copotyiner Copolymer Copolymer Copotymcr Copolymer 



HontopoJyrRCf 
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ai 
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6.2 
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31.0 
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44.4 
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33.7 
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47.4 
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Ternpafifure (*C>) 
L^inid in Cycle Ou 
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8.8 


&4 


11.5 


lOJ 


(WL percent) 




60 


SO 


88 




no 


Rocior 


88 


88 


Ten^emture CC) 
R/CQCtor 


270 


270 
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270 
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1.0 
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3J0 


a.0 


XO 


2.0 


a«i Vdodty ID 














FlukUxsd Bed 














Bed Het£ht 


37 


37 


37 


37 


37 


37 


(feci) 

Space Time 




6.6 


4.0 
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yidd 














Oh/ft* hr.) 















"At fbepmsm* ofibs hoi 

Tbe space time yield improvements achieved by tise 
practice of this inventkm axethe lesuhof the increased 
cooltes capacity C3f recycle stream. This htcreased 
capacity ia due both to the greater temperature differen- 
tia] between the entering recycle stream and tbe bed 35 
tonperatixre and to tbe evaporatiofl of cooidensed liquid 
entiained in the recyck stream. 

It will be appreciated that increased cooling b 
achieved not only by evaporation of entering entrained 
liquid, but also by the overall reduction in the tempera- 40 
titte of both ihe gas and fiquid phases of the recycle 
stream fai comparbon to previously known methods of 
operation of fluidized bed reactor systems. 

Although tbe prooes» of the invention can be applied 
to increase the production rate from existing and new 45 
commercial reactoi8» the invention also has the poten- 
tial of reducing eqiuipment cost in new reactors. For 
Bjcample» plants designed according to the prior art for 
the production of certahi eth^ene copolymers made 
tt^ttg hexene-1 as an other alpha olefin must have larger 90 
diameter reactors due to the lower space time yidd. 
Since this invention increases the space time yield for 
products made wiA bexene-1 to that of conventional 
buten^l/ethylene copolymers^ tbe exxra cost associated 
with the larger diameter reactor can be eliminated by 55 
practicing the present invention. Alternately, the large 
diameter reactor can be retained and the velocity of the 
recycle stream reduced, resulting in lower capital and 
operating costs for the cycle gas compressor. 

Advantages of this invention over other heat removal ^ 
methods which use condensed liquids include the sim- 
phcdty of this invention, good Kqnid distributionj maxi- 
mum heat removal, and uniform gas stream composition 
io the polymerization zone as a result of introducing the 
two-phase recycle stream in the lower regions of the 65 
reactor. No liquid collection, separation, or injection 
equipment is required and the liquids are dispersed in 
the stream entering die fluidized bed over the entire 



croas-sectional area, avoiding temperature gradients 
and bigh local concentrations of liquid around injection 
means. 
What is claimed ia: 

1. In a continuous gas fluidized bed pol2^merization 
process for the production of polymer from monomer 
by continuously passhig a gaseous stream comprising 
said monomer tiuougb a lluidized bed reactor in the 
presence of catalyst under reactive conditiona, with- 
drawing polynkeric product and a stream comprising 
onreacted noonomer gascsi cooling said stream compris- 
ing unreacted monomer gases and returning said cooled 
stream to said reactor together whb sufficient additiona] 
monomer to repSace that monomer polymerized and 
withdrawn as product, the improvement which con>- 
pnses: cooling part or all of said stream comprising 
unreacted monomer gases to form a mixture comprising 
a gas phase and a liquid phase and rein trod ndng said 
mixture into said reactor wherein said liquid phase is 
vaporized. 

2. An improved process according to claim 1 wherein 
said stream comprising unreacted. gases is compressed 
prior to cooling. 

3. An improved process according to claim 1 wiierein 
means are provided to maintain said liquid phase en- 
trained in said mixture until such time as said liquid 
phase is vaporized. 

4. An improved process according to claim 1 wherein 
an inert oondemible fluid is present in said mixture to 
raise the dew point of said mixture. 

5. An improved process according to claim 4 wherein 
said inert condensible fluid is a saturated bydrocarboii. 

6. An improved process according to claim 1 wherein 
said liquid phase of said mixture Is less than about 20 
percent by wd^t of the total weight of said mixture. 
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smd liqmd ^VTjJrfiT^^ mixture lower gas diffusion zone, which compnses: 

percent by weight of the total weight c^saifl mmure. nTr^tinii«ii*lv oassinff aaseous stream comprising 

^JL An improved process aooofding Jo daim 1 whenan ^hoStion zone with 

polnt belo^ Ae ^^^^^^^ (4)'^3y withdrawing a strean. of «««ac»«l 

5SS fc ««ntoUyunK In compositkm and polymcnzatlon zone whewm .aid UquKi phase ^B 

Sg^l^^nSLr^i^ScSh^'S'' 20XJS;««,rdl„gtoclaiajl9wher^»i««t. 
:reSSSSS^^«-««bwhU*««ado 

nrocen accQtdlne tO claim 1 21. An improved process according to claim 20 

monomer polymerized and withdrawn as product, is drocarbon. , • ,« ^v^„ 

tanSSoed toWwWwactor in Kquid fonn, below the 22. A process accordhig to claim 19 whenaa the 

"^""/^ k^iiSrSocess accordtog to cl«« 1 30 "^aTprocasa according to « 
wteetawW additioaS monomer added to replace Mqwld phase of said mature » lew thwi about 10 percent 
^^^i™Stad and wlthdmwa » prodnct is by weight ofthe toud weight of said mixture. 
taS^d fa W^S^ui. prior to entry of said nriK- 2*. A process accowling to dalm 19 "heremje Itow 
S«^^ MBOtor rate ofsBidmhrtUM and the ratio ofgas to Uqmdin said 

ta^vS" process aeconling to claim 1 35 «i«at« are a«dn^ at levds s»ffici«U to matoto^ 
wh«efag»s dSSbotor'm^ is provided fanmediatety said liquid enttataed m said gas ^PJf^- . ^ 
bdow UiHuldlzed bed and abow the region wherein 2S. A process accordag to clann 1S> whf 
aSdmi«ure Is introduced Into said reactor. stream flowing upwardly through the Ji^^ bed is 

14rAn hnnroved process according to daim 1 essentially aaifona in compoation ami moyuigm a 
wh«taa.eiSp.SS??rtthta«udLotoriaffom 40 manner throogh s«d bed sjjch that «h^"toeb^ls 
Ste^ K)0 osi toStotti 350 psi maintained in a fluldiiedcondiUon and with essentiany 

^ S'S^o^ SSa according to dahn 1 no dead sp«:es through which ^ises do n«|p^ 
wtoein saidiooomer torn alpha olefin monomer hav. 26. A process accoidtog to clann 19 wherdn addi. 
tasfcom two to four carbon Soaa alone or ta admix- tiooal monomer in liquid or gaseous form 
SSL^m^ or more odier alpha olefin «o«o«e« 45 b*low the polj^eription and at« 
having from two to eight caibon atoms. of entry of said mixture hao «nd reactor to r^tace 

iT^AntaprovedTocess aocortUng to claim 15, monomer polymerfcKd «id withdrawn as product 
whereinsaidmononierisethylemsaloneorinBdmixture 27. A process aceorAng to claim 19 wh«wi addi- 
with one or more other alpha olefin monomers havhig tional monoinw is added to replay mojiomer POlym«: 
from two to efeht caibon itotns. SO ized and wrthdrawn as ptJduct by nueobon into a^ 

17. An imwjved process according to clann 15. mUture prior to entry of said mKtuce into the reactor, 
wherein said monomer is propylene alone or in admU- 28. A process acoording to daun 19 wtoem 
^^tHneorroore i«her alpha olefin monome« distributor means is provided immed.aiely below said 
havtagihwn two to eight caibon atoms. polymeniatlon zone. n,^ 

18. A method for controllhig the temperature of a gas 5 J 29. A process according to clann 19 whw^ the 
fluidized bed during the production of polymer in a internal pressure withm said reactor is from about 100 
fluidized bed reactor by an exothennic polymerization psi to about 350 psL , u • 
rSn, which comprtses continuously introducing 30. A process accoriing to claim 19 wherem said 
She bed a stieam'oMnprising unreal monomer polymer is produced by reaction of an «Ipha o^B" 
gas cooled to below the maximum desired temperature 60 monomer having from two w four carbon «oiiis alone 
vShin said bed and simiUtnneouBly or separately intjo- or in admixture with one or mote other alpha oteRn 
ducing a stream of Kquid into said reactor under condi- monomers having from two to et^carbon atorM. 
tionsMchthatanessenUanyunifonnmUturcofsaidsas 31. An improved procMS accortmg to cUto 31^ 
and liquid U mtroduced into said bed at a level below wherdn said monomer is etl^leiie alone or m adimxture 
the v^on of maximum desired temperature within swd 65 with one or more other alpha olefin monomers having 
reactor wherein said liquid is vaporized. from two to eight carbon atoms. 

19 A piocess for producing polymer from monomer 32. An improved process according to clairn 3U, 
by an exothermic polymerization leaction in a gas fluid- wherein said monomer is propylene alone or m admix- 
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ture with one or more other aljrfta olefln monomers 
having from two to eight cai^ n atoms. 

33^ A method for controlling the temperature of a 
flnidized bed during tire prodoction of polymers in ft gas 
flttidized bed reactor by an eTKTthermic polymerization 
reaction which .comprises contmuously introducing a 
stream oomprising an essentially uniform gas-Uqadd 
mixture containhig monomer into said bed wherein said 
Hquid is vaporized. 

34. In a continuoua gas ftuidised bed polymerization 
process for the production of polymer &om monomer 
by continuously passit^ a gsaeoos stream comprisiiig 
said moDoroer through a fluidized bed reactor in the 
presence of catalyst under reactive conditions, wtth- 
dr&Mnng polymeric product arid a stream comprising 
um^acted monomer gases, cooling said stream oompris* 
ing tmreactcd gases ai»d retoimng said cooled stream to 
said reactor togedier with suHldeot addittonal m^io- 
mcr to replace that monomer polymerized and with- 
drawn as product, the improvement which comprises: 
cooling part or all of said stream comprising unreocted 
gases to form a mixture oomprising a gas phase and a 
liquid pltase and reintroducing sakl nmctare into said 
reactor wher^ said liquid phase is volatilized; said ^ 
gffffc<mg stream passing through said fluidized bed leao* 
tor at a superficial velocity suf&isnt to maintain a via- 
ble fimdized bed. 
33. A process for producing polymer firom monomer 



10 



15 



20 



36. A process for producing polymer from monomer 
by an exothermic polymerization reaction in a gas fluid- 
ized bed reactor having an upper polymerization zone 
contahung a bed of growing polymer particles and a 
lower gas diffusion zone, which comprises: 

(1) conlimiously passing a gaseous stream comprising 
monomer thnaigh said polymerization zone with 
an upward velocity sufficient to maintain esad parti- 
cks in a suspended and gas fluidized condition; 

(2) tatroducing a polymerization catalyst into said 
polymerization zone; 

(3) withdrawing polymer product from said polymer- 
xzatioo zon^ 

(4) corvtimioualy withdrawing a stream of unreacted 
gases comprising monomer &om said polymeriza- 
tion zone, comprefidng and cooling said stream to a 
temperature below the dew point of said stream to 
form a mixture comprising a gas phase and a liquid 
phase; 

(5) contimiously introducing said mixture into said 
polymerizatioo zone wherein said liquid phase b 
vaporized; and 

(6) controlling the temperature of said mixture so as 
to maintain constant temperature in said polymeri- 
zation zone, as the change in polymerization cata- 
lyst feed is varied to control the rate of said poly- 
merization. 

37. In a continuous gas fluidized bed polymerization 
process for the prDdoction of polymer from iDonomer 



by an exothermic polymerization reacdon in a gas fhiid- ^ cxmipristog ethylene and/or propyleoe by continuously 



ized bed reactor having an upper polymerization zone 
containing a bed of growhig pdymer particles and a 
low^ gas diffhslon zone, wiudi comprises: 

(1) continuously paa^g a gaseous stream comprishig 
monomer through said polymerization sone with 
an upwanS velocity sufBoient to maintain said parti- 
cles in a siapended and gas fluidized condition; 

(2) introducing a polymerization catalyst into said 
polymerization xooe in an inert gas stream at a 



passing a gaseous stream comprising said monomer 
through a fluidized bed reactor in the presence of cata- 
lyst under reactive conditions* wididTawing polymeric 
product and a stream comprising unreacted gases, coniF- 
35 prisitig monomer* cooling^ said stream comprishig unre- 
acted gases and returning said cooled stream to said 
r«aceor together with suf&imt additional monomer to 
replace that monomer polymerized and withdrawn as 
product, the improvement which comprises; cooliag 



pcavt 2£M0% of the diameter away firom the reao- 40 part or all of said stream compriang unreacted gases to 



tor wall and about 5-30% of the height <rf the bed; 

(3) whhdrawing pdyroer product from said polymer- 
izaticm zone; 

(4) continuously withdrawing a stream of unreacted 
gases comprising monomer from said polymeriza- 45 
tion zone* con^ressing and coohng said stream to a 
temperature bdow the dew pohit of said stream to 
form a mixture comprising a gas phase and a liqiuid 
phase; and 

(5) continuously introducing said mixture into said SO 
polymerization zone wherein said lifpiid phase is 
vaporized. 



form a mixture comprising a gas phase and a liquid 
phase and reintrodudng said mixture into said reactor 
wherein said liquid phase b vaporized. 

38. An improved process according to claim d7 
wherein said monomer comprises ethylene in admixture 
with one or mOre other alpha olefin monomers having 
&om two to eight carbon atoms. 

39. An improved process according to claim 37 
wherein said monomer comprises propylene in admix- 
ture with one or mote other alpha olefin monomers 
having £rom two to eight carbon atoms. 



33 



60 



65 
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UNITED STATES PATENT AND TRADEMARK OFFICE . 

CERTIFICATE OF CORRECTION cm^r 

PATENT NO. : 4,543,399 JAN f 8 2005 

DATED : September 24, 1985 

INVENTOH(S) : J.M. Jenkins, III; R.L, Jones; T.M. Jones; S. Beret 

It is corllfied that error appeafs in the ab Dve identified patent and that sstd Letters Patent is hereby 
corrected as shown below: 

m the title page. Item 75. "John H. Jenkins, III; Russell Jones, 
in tne titic p ^ ^^^^ ^^^^^ Charleston; Thomas M. Jones, 

Dunbar, all of Va." should read 

— John H. Jenkins, III; Russell L. Jones, 
both of South Charleston; Thomas M* Jones, 
Ounbar, all of Va.j Saroil Beret of 
Danville, Ca. — 



Column 10, line 20; 



••C3<C4<C5<C6<C7<C8' should read 
— C3>C4>C5>C6>C7>C8 — 



Signed and j5ealtd this 

Fourtmaah jDay of Jammy 1986 

ESEAL] 



Attesit 

DONALD J. QUKG 

Ati€MSimg Hjfflcer 
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